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The answer has been obtained for the A. Einstein’s question “how do body shapes change 
at acceleration?” The metric has been found of uniformly accelerated system. The gravity field 
equation was established and its solution example was given. 
1. In his famous paper 1907 [1], A. Einstein put the question as follows. “At first, let us 
consider a body, single material points of which – in some certain time moment ݐ in a non- 
accelerated reference system ܵ – are at rest against ܵ but possess some acceleration. How does this 
acceleration influence the body shape in the reference system ܵ?”. In those days, no answer to this 
question was given. In the same paper, there was put in words the equivalency principle for a 
homogeneous field and the first problem of the gravity relativistic theory was solved. The 
equivalency principle allows us not to make a difference between a gravity field and a field of 
inertial forces. 
An integral part of the relativity theory is the events simultaneity relativity. In particular, 
readings of standard clocks depend not only on their velocities but also on their positions in the 
space. This consideration led Einstein to the proof that in different points of an accelerated system, 
clock run tempos are different even under zero speeds of these points [1]. This law is stated in the 
form of the ratio for own time in different points of accelerated systems located in a distance ݈ 
from each other: 
߬ ൌ ߬′ሺ1 ൅ ߙ ݈ ܿଶ⁄ ሻ, (1) 
where ߙ is acceleration.  
Einstein [1] noticed that (1) would not change following changes of this interval ݔ by a 
small value as such functional connection would give corrections of a higher order on the 
parameter ߙ ݈ ܿଶ⁄ . This means that the expression (1) has a universal nature and in a first 
approximation, the metric of the system (the Мoeller-Rindler’s system) accelerated in the direction 
ߙ௫is equal to 
݀ݏଶ ൌ ሺ1 ൅ ߙ௫ ݔ ܿଶ⁄ ሻଶܿଶ݀ݐଶ െ ݀ݔଶ െ ݀ݕଶ െ ݀ݖଶ. (2) 
The remarkable fact is that among metrics of the form of ݀ݏଶ ൌ ݂ሺݔሻܿଶ݀ݐଶ െ ݀ݔଶ െ ݀ݕଶ െ ݀ݖଶ, 
the metric (2) is the only one having zero scalar incurvature ܴ. This result can be easily obtained 
by way of resolving of the differential equation 
ܴ ൌ ሾ݂ᇱሺݔሻሿଶ െ 2݂ሺݔሻ݂ᇱ′ሺݔሻ ൌ 0.  
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The non-trivial solution of this equation is ሺܥଵ ൅ ܥଶݔሻଶ. Thus, the assertion is proved. By the same 
way, it is possible to investigate the metric of the more general form; and this will provide us with 
an excuse for the assertion that flat metrics existence is rather a disapplication than a rule. If to put 
it simply, we live in the essentially non-flat world. 
2. The metric (2) describes the accelerated system not being a uniformly accelerated one, i.e. 
hereunder at different values of ݔ, an acceleration is different. Alongside with that, it is important 
to know the metric of a uniformly accelerated relativistic system imposed by reference bodies, 
which are accelerated by a homogeneous field.  
Let us be restricted with consideration of systems with a unidimensional motion along the 
axis ݔ with the zero speed1. In the accelerated reference system ܵ, let us choose two points ܣ଴ and 
ܣଵ with coordinates ݔ଴ ൌ 0 and ݔଵ ൌ ݈ ൐ 0. Let ܵ′ be an inertial reference system associated 
with the point ܣ଴. A comparison of “pendulums” frequencies of standard clocks positioned into 
the point ܣ଴ will gave the same result ߥ଴ in the both reference systems. If the frequency of standard 
clock in the point ܣଵ is ߥଵfrom point of view of an observer in the system ܵ′, then according to 
[2], the following is true: 
ߥଵ ൌ ߥ଴ሺ1 ൅ ߙ ݈ ܿଶ⁄ ሻ. (3) 
This is an equivalent of the equation (1) connecting together an own time ߬ and a time ߬′ in the 
associated reference system.  
Indeed, let points ܣ଴ and ܣଵ have zero speeds in the time moment ݐ଴ ൌ 0 in an inertial 
system ܰ. If from the point ܣ଴ in the time moment ݐ଴, a light would be emitted with its frequency 
ߥ଴, then upon reaching the point ܣଵ, this point will have the speed ߙଵ ݈ ܿ⁄ , from which – owing to 
the Doppler’s principle, it will have a higher frequency ߥଵ. From this consideration, the expression 
(3) follows. This expression is exact in the limit ߙ݈ ܿଶ⁄ → 0.  
3. If to check frequencies of standard clocks in reverse order, i.e. by sending of a light signal 
from the point ܣ଴ into the point ܣଶ with the coordinate ݔଶ ൌ െ݈ ൏ 0, we obtain the other result: 
ߥ଴ ൌ ߥଶሺ1 െ ߙଶ ߦଶ ܿଶ⁄ ሻ, (4) 
where ߙଶ is acceleration in the point ܣଶ. It is an easy matter to check that the expressions (3) and 
(4) coincide with precision up to values-of-second-order of the parameter ߙ ݈ ܿଶ⁄ . If to impose 
ߥଵ ൌ ߥଶ, then after multiplication of the expressions (3) and (4), we come to the equation:  
ሺ1 ൅ ߙଵ ߦଵ ܿଶ⁄ ሻሺ1 െ ߙଶ ߦଶ ܿଶ⁄ ሻ ൌ 1.  
If ߦଵ ൌ ߦଶ, then in a case of homogeneous reference systems (with ߙଵ ൌ ߙଶ), this equation has no 
non-zero solutions.  
                                                            
1 Here we use the Einstein’s approach [2].  
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So how must the exact functional connection of time look like in uniformly accelerated 
systems? We shall write the equation (5) in the general form: 
ܨሺߙ ߦ ܿଶ⁄ ሻܨሺെߙ ߦ ܿଶ⁄ ሻ ൌ 1,  
in what connection ܨሺߙ ߦ ܿଶ⁄ ሻ → 1 ൅ ߙ ߦ ܿଶ⁄  at ߙ ߦ ܿଶ → 0⁄ . The following solution meets these 
conditions: 
ܨሺߙ ߦ ܿଶ⁄ ሻ ൌ ݁ఈక ௖మ⁄ .  
Hence the exact expression for time in uniformly accelerated systems is as follows: 
݀߬ ൌ ݁ఈక ௖మ⁄ ݀ݐ. (5) 
Realizing that the ratio (1) is an approximation, Einstein found (5). “Based on the assertion that a 
selection of an origin of coordinates must not influence this ratio, it is possible to come to the 
conclusion that it must be replaced by an exact ratio” [1]. By somewhat different way to this 
result, W. Rindler came [3]. Surprisingly, at the theory development course, this result has been 
never used and moreover, nobody has been put on the alert by the contradiction between the exact 
result (5) and some subsequent conclusions of the theory passing through its development. 
4. In non-relativistic physics, a description of a homogeneous field of any nature is connected 
with no difficulties, while a description of a homogeneous acceleration field or an equivalent-to-it 
gravity field steps beyond the capacities scope of the special relativity theory. Indeed, in 
Minkowsky space, we are able to determine time on standard clocks moving with a constant speed. 
However, if such clocks do not move uniformly, these data are not enough: also into account, it is 
necessary to take the connection of clocks run tempo (own time) and acceleration (1).  
The methods of the general relativity theory allow describing the motion in the most 
complete form. Let us switch from the motion equation of the special relativity theory to the motion 
equation of the general relativity theory  
ܯܿଶ ݀ݑ
௜
݀ݏ ൌ ܨ
௜ ⟶ ܯܿଶ ܦݑ
௜
݀ݏ ൌ ܨ
௜.  
In order to obtain the motion equation in electromagnetic fields, it is necessary to replace ܨ௜ with 
݁ܨ௜௞ݑ௞ [4]. Now a component of the motion equation is the metric of the reference system. 
Moreover, for motion description in gravity fields, we need nothing except for metric knowing. 
The metric and the force allow describing a motion of a proofmass in a field of any nature with 
aid of the equation 
ܯܿଶ ݀ݑ
ఓ
݀ݏ ൅ ܯܿ
ଶΓఈఉఓ ݑఈݑఉ ൌ ܨఓ, (6) 
And on contrary, always it is possible to find a metric, which meets conditions of this 
equation at presence of any given accelerations or forces acting to the bodies system.  
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Let us try and find out, how the metric of a homogeneous system looks like. At zero speed 
of reference bodies forming the system, the equation connecting the metric and a common 
acceleration at zero speed [5] looks extremely simple: 
݀ଶݔ௜
݀ݐଶ ൌ െܿ
ଶΓ଴଴௜ .  
If the acceleration ߙ is directed along ݔଵ ൌ ݔ and is constant, then 
ߙ ൌ െ ܿ
ଶ
2 ଵ݃ଵ
݀݃଴଴
݀ݔ .  
If to take the result (5) into consideration, a particular solution of this differential equation is as 
follows: 
 ݃଴଴ ൌ െ ଵ݃ଵ ൌ ݁
మഀೣ
೎మ .  
On a plane, the following metric of a uniformly accelerated field  
݀ݏଶ ൌ ݁ଶఈ௫௖మ ሺܿଶ݀ݐଶ െ ݀ݔଶሻ  (7) 
allows obtaining the confident answer for the Einstein’s question about a body size change in a 
case of a unidimensional accelerated motion: in relation to an associated point, both body size 
and a time scale change according to the same law with the factor of proportionality 
݇ ൌ ݁ଶఈ௫௖మ ൎ 1 ൅ 2ߙݔܿଶ .  
At the same time, metric properties of the rest coordinates stay undetermined. In a space 
without a rotation, a local light velocity is preserved and does not depend on a direction. This 
allows writing down as follows: ଵ݃ଵ ൌ ݃ଶଶ ൌ ݃ଷଷ. Then the metric of the uniformly accelerated 
motion has the form of  
݀ݏଶ ൌ ݁ଶఈ௫௖మ ሺܿଶ݀ݐଶ െ ݀ݔଶ െ ݀ݕଶ െ ݀ݖଶሻ.  (8) 
Christoffel symbols Γ௝௞௜  of this metric do not depend on coordinates. In its turn, the acceleration 
depends on Γ௝௞௜  and a speed of a point [5], while for a motionless point, the acceleration is 
݀ଶݔ௜
݀ݐଶ ൌ ܿ
ଶΓ଴଴௜ .  
For the metric (8),  
݀ଶݔ௜
݀ݐଶ ൌ ߙ.  
Now we see that indeed, the reference system (8) is homogeneous as reference bodies have the 
same acceleration. Associated coordinates for points located on the world line are connected by 
the scale dilation (Figure 1).  
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5. Any continuous field is homogeneous in the limit of small scales. This follows immediately 
from the continuity definition. Hence it is possible to propose the metric of (continuous) gravity 
field of the general form  
݀ݏଶ ൌ ݁ଶఈట௖మ ߟ݅݇݀ݔ݅݀ݔ݇, (9) 
where ߰ is continuous function of position at coordinates and ߟ௜௞ is linear element of flat space. 
In a non-relativistic limit, the following is true: ݁
మഀഗ
೎మ → 1 ൅ ଶట௖మ . Then the simplest generally 
covariant equation for a metric meeting the correspondence principle looks as follows: 
ᇝ ߰ ൌ െ4ߨܩܶ, 
݀ݏଶ ൌ ݁ଶఈట௖మ ߟ݅݇݀ݔ݅݀ݔ݇. 
(10) 
In particular, the solution of the equation (10) is the metric tensor of the homogeneous field (8).  
Along with it, a motion of bodies is described by the equation of the geodesic lines. 
6. Now let us consider the problem of Schwarzschild consisting in finding of a stationary field 
of a point mass. In the stationary case, the equation ᇝ	߰ ൌ 0 switches to the Laplace’s equation 
∆߰ ൌ 0, which gives the well known solution . 
Let us accept ܥଶ ൌ 0 and ܥଵ ൌ െݎ௚ ൌ െ ଶீெ௖మ , where ܯ is full mass. Then the Schwarzschild 
problem solution is  
݀ݏଶ ൌ ݁ି
௥೒
௥ ܿଶ݀ݐଶ െ ݁ି
௥೒
௥ ݀ߪଶ, (11) 
where ݀ߪଶ ൌ ݀ݎଶ ൅ ݎଶ݀ߠଶ ൅ ݎଶsinଶ ߠ ݀߮ଶ. Mainly, the Christoffel symbols of the metric (11) 
are asymptotically equal to the corresponding symbols of the Schwarzschild solution. The 
acceleration of gravity of the new solution – in the available for observation area of field tension 
– almost coincide with the same result obtained based on the Schwarzschild metric: 
ߙത௥ ൌ െܩܯݎଶ ݁
ீெ
௖మ௥ ൎ െܩܯݎଶ
1
ට1 െ 2ܩܯݎܿଶ
.  
On Figure 2, the comparison of both laws is given.  
Author is grateful to M.B. Belonenko, Yu.N. Yeroshenko and M.G. Ivanov for their critical 
notes influenced the material presentation. 
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Figure 1. A try at depicting of space-time scales along of 
geodesic line of a homogeneous field. 
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Figure 2. Functional connection between gravity force and distance to point 
mass: Newton's law is marked by the dashed line, Schwarzschild solution by the 
dash-and-dot line, the exact solution by the solid line. In the rectangle, the graph 
part is represented stretched fifty times. 
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